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Resins  containing  pendant  chloromethyl  groups  wore  prepared 
bv  suspension  co- polymerization  techniques  and  functionalized  with 
: i clanol  • . This  imidazole  polymer,  at  various  percent  crosslinking 
. l Joan’  ng  was  used  to  examine  the  utility  of  Co  ( DPGB ) ^ • ?KeOH  as 
a mag on  to  invt  •:  tigate  the  existence  of  isolated  functionalized 
sites  in  the  resin.  In  this  study,  Co(DPGB)^*  2MeOH  is  attached  to 
the  imidazole  containing  polymer  via  axial  coordination  and  the 
resulting  polymer  complexes  studied  by  ESR.  The  F5R  analysis  of  the 
coordinated  cobalt  centers  yielded  characteristic  spectra  of  1:1 
and  ?:1  imidazole-cobalt  adducts  depending  on  the  crosolinking  and 
loading  of  imidazole.  The  reaction  of  the  polymer  bound  cobalt(II) 
complex  with  dioxygen  has  been  investigated.  Factors  influencing 
the  comparison  of  the  oxygen  affinity  for  the  polymer  bound  complex 
with  solution  data  are  discussed. 
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The  mod  i t UmI  ion  of  organic  polymers  by  covalently  attaching 

t it  ion  metal  complexes  constitutes  a novel  and  active  area  of 

:•  nreh . Much  of  the  stimulation  for  research  in  this  area  has 

*rom  the  advantages  associated  with  converting  selective 

• neon  . catalysts  to  he t orogor  'Ous  polymer  supported  systems. 

.or  case  of  removal  of  the  catalyst  from  the  reaction  medium 

an’  a potential  for  working  in  flow  systems  arc  great  advantages 

that  polymer  supported  catalysts  have  over  homogeneous  ones.  The 

advantages  these  materials  have  over  the  standard  heterogeneous  systems 

include  higher  selectivity,  greater  reproducibility,  more  efficient 

utilization  of  expensive  metals  and  increased  potential  for  catalyst 
tailoring  via  systematic  variation  of  the  ligands  attached  to 

t ho  metal  center. ^ 


The  change  in  reactivity  that  accompanies  reported  attachment 
of  a homogeneous  catalyst  to  an  organic  polymer  have  been  unpre- 
dictable. In  comparing  results  to  the  homogeneous  system,  some 

instances  give  similar  behavior,  in  other  cases  desirable 

( 3 ) 

change--,  in  product  distribution  occur,  or  enhanced  reactivity 

. ( it  > 

•i  r.  oV.ervfcd  and  in  still  other  cases  reactivity  is  diminished 
( 5 ) 

or  c • . An  understanding  of  these  differences  is  thwarted  by 
tv  ■ m.-vj.-r  fundti-.  antal  problems  confronting  an  investigator 
n the  or-  ...  Es  tablishing  the  structure  of  a complex 
cv  tk  polymer  is  a difficult  task.  Elemental  analyses  for 
c : 'b  r.  and  hydrogen  are  useless  -for  a hydrocarbon  polymer  while 
i . ion  makes  it  difficult  to  do  lie*  weak  ohromophoros  by  many 
; ril  t erhniques . When  transit'  n natal  complexes  are  thought 
t : attached  to  polymers  v i i a m v al -r.  one  den  fa  to  1 i garni  bond,  it 
an  . fl  i t Leu  It.  to  ii 1 o;uf,  .a  ; to  mi  counlin  U ion  aac! 
i .a*  entrapment.  Exhaust  ivc  wishing,  needed  to  remove  trapped 

- tics,  may  cl ir.pl ace  the  complex  fre;:.  'he  1 i garni. 
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Another  : problem  in  the  urea  of  polymer  supported 

systems  is  that  c:  site  separation  and  an  elucidation  of  the 
•.actors  that  i:.  .uarree  this  effect.  One  potential  advantage 
of  the  polyr  " . 'ported  system  involves  preventing  aggregation 

coord inat  ' v-  y unsaturated  species  or  other  materials  that 
decompose  vi  : . r.  -leeular  processes.  For  example,  it  has 

recently  been  r-  sorted  that  titanocene  hydrogenation  catalysts 

/ r \ 

are  deactivated  by  aggregation  of  the  catalyst  in  solution. 

Increased  activity  results  from  the  polymer  bound  catalyst  because 
the  polymer  backbone  keeps  the  metal  sites  separated.  On  the 

other  hand,  when  RhCl  [ (C^H^  ) .^P]  was  added  to  a different  type  of 

(7  ) 

resin  functionalised  with  (Cgll^l^FC^H^-polymer , it  was  concluded 

on  the  basis  of  :he  C„H.  and  (CcH,)qP  found  in  solution,  that  three 

of  the  polymer  bound  phosphines  were  coordinated  to  the  rhodium.  Many 

. I 1 

factors  (for  example,  degree  of  su'  etion  and  cross  linking)  determine 
whether  or  not  site  separation  is  achieved  in  substituted  polymers. 

There  are  several  reviews  on  the  subject  and  these  contain  apparent  j ; 

discrepancies  leading  to  confusion  about  the  factors  that  influence 
site  separation.  Different  classes  of  functional  groups  on  the 
polymer  will  r» site  separation  under  different  conditions  de- 
pendir.r  or.  the.  tr.  —.Ddynarr.ic  driving  force  for  aggregation. 

i 

Aoc?"D  tng.lv,  a v . Lety  of  systems  will  have  to  bo  investigated 
• gain  ?.n  appr ; . iet ion  of  the  problem  and  methods  must  be 
developed  for  determining  when  situ  separation  can  be  achieved 
in  order'  to  properly  design  catalyst  systems. 

j 

Another  ;n - ’ . •'  problem  in  th  area  of  polymer  bound  reagents  H 

’evolves  uni  ’ ;.ng  the  c!  i t ( oreneos  (compared  to  solut  ion)  that 
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• .ve  be  :\  reported  to  occur  in  the  coordination  properties  of 
met  kls.  A procedure  has  been  reported^8 ^ for  incorporating 
iron ( f l ) heme  into  a polystyrene  f i lm  that  physically  immobilizes 
...  i irid  in  the  six  coordinate  complex  so  that  the  reversible 
■ o’v!..  Co  o'  orwd  in  solution  does  not  occur.  On  the  other 
■J,  aanced  1 aiding  ol  0,,  is  reported  for  tot raphenylporphy r i n- 
cobalt  (II)  coordinated  to  polys  tyrene  bound  imidazole  in  comparison 
to  the  solution  analogue.  An  iron(II)  porphyrin  was  coordinated 

to  a modified  silica  gel  containing  covalently  attached  3-imiduzoyl- 
propyl  groups.  The  resulting  adduct  is  reported  to  reversibly  bind 
0?  but  it  does  so  much  less  effectively  than  other  iron(II) 
systems.  It  is  not  known  whether  these  differences  are 

electronic,  solvation,  or  untropic  in  origin. 


In  the  course  of  investigations  v:  this  laboratory,^^  of  the 
epr  spectra  of  a series  of  dioxygen  adducts  of  cobalt(II)  complexes, 
n soluble  cobalt (II)  complex  was  found  that  formed  paramagnetic 
l:1  and  2:1  adducts  with  nitrogen  donors.  The  complex  is  the 

b;  s-r.ee  \anol  adduct  of  the  complex 
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Abbreviating  l as  Co(DPG3)^  the  reactions  with  bases  can  be 


depicted  as 


Co(DPGB)2-?CH3OM  + B - CoOPGB)?«B*CH3OH  + ch3 


OH 


Co(DPGB)2*2  R + CH3OH 


When  one  of  the  methanols  is  replaced  by  a nitrogen  donor,  a three 
line  hyperfine  is  detected  in  the  epr.  When  two  identical  nitrogen 
donors  replace  both  methanols,  a rive  line  hyperfine  is  observed. 
Since  the  epr  spectrum  is  readily  observable  at  low  metal 
concentrations,  this  complex  should  serve  as  a potentially 
useful  indicator  of  site  separation  in  polymers  containing  donor 
groups  with  a large  isotopic  abundance  of  nuclei  with  a nuclear  spin 
quantum  number  I > 0.  The  epr  spectra  can  also  be  used  to  demon- 
strate that  the  complex  is  coordinated  and  not  physically  trapped. 
Furthermore,  a comparison  of  the  hyperfine  parameters  for  the  polymer 
bound  complex  and  solution  analogue  provide  information  regarding 
any  c'v.nges  in  the  strength  of  the  donor-acceptor  interaction  that 
may  he  i iced  by  the  solid  rha~ . or  desolvation. 


: : i 


this  article,  we  d er.cn. s t r a t 
:o  elucidate  the  existence  a: 
d:  cole  don  r covalently  arte 


the  use  of  the  reagent  described 
d absence  of  site  separation  .for 
had  to  some  polystyrene  polymers. 
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Kxperi  mental 


or  P • 2Vj  ' J.  ■ or. 3 


del  Resins. 

Ir.lc"  container, g resins  were  prepared  by  copolymerisins 
v.’.nyl  benzene  ( X.T? ) with  vinylbenzyl  chloride  (VB C)  and  divinyl 
c::r.7.ene  (D'r3).  The  VBC  monomer  is  a 60:40  mixture  of  the  neta 
a zd  para  isomers  and  copolymerization  of  the  above  mixture  results 
ir.  crosslinked  resins  with  pendant  chloromethyl  groups. 

In  general,  the  loadings  in  the  polymer  will  be  designated 
t-  the  code  number.  The  designations  X and  S refer  to  crosslinking 
a d substitution.  The  numbers  employed  for  all  gel  resins  prepared 
with  vinylbonzyl  chloride  have  molar  designations.  For  example,  a 
resin  prepared  from  1 mole  percent  ‘TJ,  10  mole  percent  DVB  and  89 
r la  percent  VB  and  designated  GR-X10S1  where  l£  of  all  the  residues 
•mu  Id  contain  chloromethyl  groups. 

Ir.  a tyoicnl  preparation,  GR-X1536  resin  was  obtained  by  adding 
s 1?.~  g (1.1?  moles),  vir.ylber.zyl  chloride  14  g (0.09  moles). 

- Thazzene  2f  2 (0.225  r.oles),  benzoyl  peroxide  0.75  S and  l.o  ml 
r.  ■ r-zo-'o ...  o’.,  to  -oO  ml  of  warm  water  (80°)  containing  4.5  g of 

v -z  . "z?  mixture  was  stirred  at  too  run  at  80°C  for  24  hr. 

■ react  ion  m.irtzre  was  cooled,  passed  through  a.  fine  mesh  ( -100) 

-o.  •;  szad  with  organic  solvents  and  H20  (H^O,  HaO-MoOIi,  TKF,  or 
• * moo  dried  at  30°C  overnight.  The  resin  GR-X'Odl 

vzei  for  1 . : * and  GR-X".  fjS6  contained  1.92*  chlorine. 


iHMNliHMM 
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Macro re !,  >culnr  Rc  si  ns 

1 1- 

Macroroticulai*  polystyrene  was  slurried  in  ?O0  g chi o rono thyl- 
•1  ether  if  a dry  at*  osphere.  Tin(TV)  chloride,  5 ml , in  do  g 
orow.ethyl ethyl  nt:  •”  (dr-;)  was  added  with  cooling,  (CAUTIOK: 
ror.et.hy'! ethyl  ether  is  extremely  carcinogenic) . Stirring  con- 
ed in  an  ice  both  fo  - 10  min,  and  at  room  temperature  for  50  rn in. 

. :ueous  dioxane  (1:3  v/v),  150  ml,  was  then  added  and  stirring  continued 
for  1 hr.  At  this  point  the  resin  was  filtered  and  washed  with  large 
quantities  of  !fP0,  2M  HC1,  H20,  Hp0-dioxano,  dioxane,  dioxane-nethanol, 
and  finally  methanol.  The  polymer  was  dried  at  8o°C.  The  loadings 
for  the  macroreticular  resins  are  reported  in  terms  of  percent  by  weight 
Reaction  with  CME  results  in  chloromethyl  groups  being  attached  at  the 

on  -a.  position.  The  extent  of  chloromethylation  is  hard  to  control. 

•hi  nromei  i.v  ' U od  rm  : aoreticul  ar  resin  **KX?0S2O  (weigh*  has  * ' 

•ained  4.55?  CL. 

Imidazolat j.on  of  chloromethyl ated  resin . 

Once  the  chloromethylated  resin  is  obtained,  it  is  reacted  with 
the  lithium  salt  of  imidazole  to  obtain  the  resin  bound  analog  of  IT- 


, . * -h  - gll  .0 


vr'ic#l. 


iration.  20  g of  the  above  chloro- 


- . , , « * • • a s « -> 


v.sio.  ana  6.5  g imidazole  were  added  to  a 


-.1  round  bottom  flash  with  sidcarn.  The  mixture  is  slurried  in 
ml  of  IK.-  under  "to  arr.or.  atmosphere  and  62.5  ml  n- butyl  lithium 
V In  rv-x"' :'.:•)  ..-.as  aided  at  0~C.  The  slurry  was  allowed  to  warn  to 
room,  temperature,  and  heated  to  reflux.  Refluxing;  continued  for  lo  hr 
••  which  time  the  r-sir  vras  cooled,  Sohxlet  extracted  with  TUP  for 


v • v >0 


. 9 1 M and 


<avat1 . o;  'n 


(Il  ' ''  • ?:  'th  ''is  ( ii  phenyl  ~d  yox  5 ma  to)  cob  e ' t(T  l)  . 

'-'Vu:  •, . ■ Lo  published  pvocedu  a:.  1 1 s hi, 


ff  1 ; 1)  • : 


»> 


7 


complex  was  capped  in  a fashion  similar  to  that  reported  in  the 

literature. ^ Freshly  distilled  BF3*OEt2  (10  ml)  was  added  to  1O0  ml 

of  ethyl  ether  and  the  resulting  solution  deoxygenated.  Co(DPGH)P 
(3.0  g)  was  added  under  an  argon  atmosphere  and  the  slurry  stirred 

at  room  temperature  two  days.  Deoxygenated  methanol  (50  ml)  was  then 

added  and  stirred  several  hours.  The  slurry  was  filtered  and  washed 

with  methanol  until  the  filtrate  was  colorless  (50-75  ml).  The  orange 

powder  was  pumped  to  dryness. 

Calc,  for  C30H20N4OSB2F4C0:  C,  51.68;  H,  4.09;  N,  8.04;  Co,  8.45. 
Found:  C,  51.35;  H,  3.86;  N,  8.27;  Co,  8.11. 

Metal  Incorporation  into  the  Polymer 

The  cobalt  complex  was  incorporated  into  base  containing  resins  by 
the  following  method.  Co(DFGB)p*  2MeOH  (0.70  g)  and  1.0  & of  imidazole 
containing  resin  were  added  to  a 250  ml  three  necked  round  bottom  and 
flushed  with  argon.  100  ml  of  dry  degassed  THF  was  syringed  in  and  the 
resin  stirred  at  room  temperature  for  two  days.  The  resin  was  filtered 
washed  with  THF  in  a Schlenk  type  Sohxlet  extractor  24  hr  and  then 
dried  in  vacuo. 

DPR  Studies 


Samples  for  epr  were  prepared  by  adding  the  dry  resin  to  an  epr 
tube  with  vacuum  teflon  fittings.  The  tubes  were  evacuated  and  filled 
with  armor,  several  tines.  When  the  dioxygen  adducts  of  the  coordinate 
polymer  cobalt  complexes  were  desired,  the  epr  tube  was  cooled  to  dry 
ice-acetone  temperatures  and  the  atmosphere  replaced  with  pure  oxygen. 
The  beads  were  allowed  to  equilibrate  with  oxygen  in  this  fashion 
for  at  least  one  hr.  Samples  of  the  parent  complexes  for  epr  analysis 
wore  prenared  by  dissolving  in  dry  degassed  CHpCl p/toluone  solvent 
• 1:1  v/v)  in  volumetric  flasks  in  a dry  inert  atmosphere  box.  Solutions 
• v-e  ad  <1  to  the  ■ lubes  and  the  vacuum  fittings  cloned  off.  Alter- 
natively, the  degassed  solvent  mixture  could  be  distilled  directly  onto 
the  cobalt  sample  weighed  into  an  epr  tube. 


r 


8 

The  cpr  spectra  v:oro  collected  on  a Varian  model  3-9  spectrometer 
equipped  with  a Hewlett-Packard  frequency  counter.  Cooling  was  pro- 
vided by  cold  nitrogen  gas,  producing  a probe  temperature  of  a»-i8o°C. 
Yhe  field  was  calibrated  using  a Vartan  weak  pitch  sample,  g - P.0070. 

The  snoot ra  of  the  Co(DPGB)  o*  base  adducts  are  axial  in.  appearance 
■!  i result  iu  relatively  sharp  well-defined  spectra.  Upon  coordination, 
o ' metal  complexes  to  coordinate  polymers,  a certain  amount  of  general 
broadening  is  seen,  causing  a reduction  in  the  resolution  of  hyperfine. 
This  may  be  due  to  a certain  amount  of  polymer  chain  motion  even  at  low 
temperature  or  to  a lack  of  magnetic  dilution  in  certain  cases.  For 
this  reason,  second  order  cori'ections  to  the  opr  pa**ameters  v/ere  ig- 
nored since  it  was  felt  they  would  provide  no  additional  useful  infor- 
mation. Best  values  for  h c and  A were  obtained  from  the  most  well 

g..  £ ' 

defined  signals  in  the  parallel  region. 

Results  erf  ..-scussion 
Add\ i ebs  of  Oxime  Complexes  of  Cobalt ( II ) 

Bis-diphenylglyoximato  cobalt(ll)  readily  forms  a 1:1  adduct 
that  exists  in  solution  in  a monomer-diner  equilibrium.  Dimerization 
occurs  through  eeorii nation  of  one  of  the  oxime  oxygens  to  the  cobalt 
o " ano”'*2r  complex.  The  diner  is  diamagnetic,  owing  to  an  antiferro- 
n.agnetic  interaction  between  the  cobalt  centers.  Addition  of  more 
b '.me,  '■  Mr  ./jr  than  the  oxime  oxygen,  cleaves  the  diner  with  ready 

format i • ;•  room  t empe mature  of  the  paramagnetic  2:1  adduct. 

The  diamagnetic  nature  of  the  dimeric  1:1  adduct  is  unsuitable 
for  our  purposes.  To  would  like  to  be  able  to  tell  unde**  what  resin 
conditions  1:1  adducts  are  favored  over  2:1  adducts.  Ideally,  the  1:1 
• : ice  t should  be  paramagnetic  and  have  a characteristic  epr  spectrum. 

'■  I; ion  can  b*  prevented  if  the  basicity  of  tho  ox itac  oxygon?*, 

be  reduced  suff  Lcio,  vly.  Tills  reduction  of  ti\e  oxime  oxygen 


■ 


r? 


o:»n  * city  cun  t*o  ach4  oved  v.'.'n  a concomittant,  bonus  In  Increased 
«v>b'i t acidity  by  capping  the  complex  with  tetrahedral  BK2  groups, 
>•*>:•  p '*und  1.  This  oapp-.i  cobalt  complex  Is  so  acidic  that  it  Is 

, readily  Isolated  as  ?:  ! base  adducts.  We  chose  the  weak  base 


■ ‘ hand  as  the  at  ■.•  tin-;  a l i ;ct  because  It  Is  readily  replaced. 

non l ra 1 

\ ; il'ion  of  I e'.jui v lent  r-’  /base  stronger  than  methanol  displaces 


. methanol  and  ft  rms  a i::4  rd  base-methanol  six  coordinate  complex . 
further  addition  of  strong  base  gives  the  trans  ? base  to  1 cobalt (II) 
adduct,  readily  at  room  temperature.  The  formation  ol“  both  1:1  and 
? : 1 base  adducts  in  discrete  steps  is  a particularly  attractive 
feature  of  this  complex  for  studying  site  separation  in  a polymer. 

The  solution  species  can  be  studied  separately  and  compared  with 
the  species  prepared  on  the  polymer. 

Low  spin,  d7,  tetragonal  complexes  of  eobalt(ll)  are  particularly 
well  suited  for  cor  studies.  The  unpaired  spin  resides  in  the  3d  p. 
orbital  and  thus  axial  coordination  by  zither  one  or  two  bases  will 
perturb  this  electron  directly  and  influence  the  epr  spectrum . Since 
coordinated  methanol  docs  not  exhibit  nuclear  hyperfinr  splitting  in 
the  epr,  the  nixed  2:1  adduct,  where  one  of  the  bases  is  a nitrogen 
•donor,  should  e:chi : it  a thre a line  s up e rhyp er f i he  pattern.  The 
symmecvical  2:1  nl  oet  gives  rise  to  a five  line  superhyperfino  pattern, 
flccfron  no  el  a r hyper  fine  in  the  perpendicular  region  of  these  * 
ao'.cdo  is  us‘u*i* ; small  (•  10  yanss)  and  therefore  ounerhyperf?  ne  is 

ore  ri  -'f  ic.lt  to  observe  on  these  po.alcs.  In  addition,  epr  spectra 
o'  low  spin  Co(ll)  '■■'.r.plexe:  are  often  broad  owing  to  relaxation  me chan - 
' srs  which  involve  lov;  I;/’:;  - excited  states,  '‘his  results  in  more  spin 
orbit  coupling  which  ecu.;  : ■ ’to mi.  r\  relaxation  times.  (’onsoorout ly, 
.aiiypcv"'1 ..  t cer.r.Ob  b**  : ■ we  • accurately  In  the  ra vpo n<l ica tl. a r region,  j 
i-l  ,•  • , her  . . ch  t r ■ 5 r i‘ J by  h -.rorfln  ' e •••••■*  ' ny 


I 


on  the  order  of  60  to  100  x 10“ 4 cm"1  end  nan  bo  accurately  e’en  cured.  ^ 
The  epr  spectrum  of  Co(l)PGB) p* 2CH3OK  is  Illustrated  In  Figure  1 
and  tho  spectral  cha raeterlsti.es of  the  N-nethylimldazolo  base  adducts 
are  summarized  in  Table  1. 

Table  1 

•’ ror.cn  Solution  v?v  1.  raneters  for  Co(  D?G3)  20U:,01!  or>d  the  Complexes 


Complex 

5|\ 

bj.  An  , 

(xlO  "’em) 

AJ 

(xlO  ';cm) 

ACo-! 

(xlO-4' 

Co(DPGB) a* 2MeOH 

2. 010 

2.26 

105 

10 

0 

Co(DPGB)a,rf)  •MeOll 

2.002 

2.27 

93.5 

10 

14.5 

Co(nPGB)a*Bp 

2.  016 

2.26 

yh.o 

14 

18.5 

i 


^Frozen  toluene/CH?C3.;>  r,lo.sc  at  liquid  H2  temperature, 
b, 


B refers  to  the  base  B-Methylirnidnzolc. 

Substantial  differences  exist  in  both  the  A values  and  the  A, 


Co-N 

hyperfinc  value c for  the  different  adducts  which  should  permit  one 
to  determine  ‘h  coordination  sphere  of  ircidasole  substituted 
polymer  bound  Co{T?GB) 
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Binding  of  Co(’)?C1B)2  to  rolymer  Bound  Imidazole  4 

Three  different  imidazole  substituted  resins  we  re  prepared  to 

investigate  the  question  of  site  separation;  GR-X10B1,  GR~X153^ 

11 

mi  MR-X20S20.  The  choice  of  resir.s  offers  a variation  in 
the  three  controlling  factors;  crosslinlcing,  substitution  and  polyncr 
type.  In  all  cases  Tin*'  v:as  selected  as  the  solvent  for  complex 
incorporation.  Any  increase  or  decrease  in  site  interactions  from 
swelling  of  the  polymer  by  solvent  or  other  solvent  effects  is  thus 
held  constant.  Incorporation  of  Co(DPGB)2  into  these  three  resins 
followed  by  thorough  anaerobic  extraction  yielded  a red  brown  solid 
res  in . 

The  epr  spectra  of  the  complex  bound  to  these  three  resins  and 
measured  at  liquid  nitrogen  temperature  are  given  in  Figures  2,  3 
and  4.  The  epr  parameters  are  reported  in  Table  2. 

Table  2 

For  Parameters  for  polymer  Bound  Go(dPGB)?  Comdexes 


Because  of  overlao  with  g,  and  broadening  of  the  resonances  at 

"X  « 

high  field,  it  was  difficult  to  locate  the  center  of  the  parallel 
resonances. 


1? 


The  spectra  are  ol'  the  same  genera!  shape  as  that  of  the  unbound,  S 
soluble,  imidazole  complexes.  The  parallel  and  perpendicular  regions 
and  cobalt  nuclear  hyperfine  are  evident  in  all  four  spectra.  The 
line  widths  of  the  polymer  bound  complexes  are  characteristically 
broadened  with  the  simultaneous  loss  of  resolution,  especially  in  the 

perpendicular  rsyicn.  The  g and  A values  for  the  mixed  2:1  base-CK30H  ad 
ducts  and  symmetrical  2:1  adducts  are  given  in  Table  1 and  can  be  com- 
pared with  the  same  parameters  obtained  for  the  polymer  spectra  reported 
in  Table  2.  The  and  g values  are  not  diagnostic.  Considering  the 
broadening  and  uncertainty  of  peak  position,  these  values  could  be 
considered  the  same  within  experimental  error  since  they  differ  only 
by  ^ 2- 3/3.  The  values  that  seem  to  best  distinguish  the  complexes  are 
the  A ||  values  and  the  superhyper fine  coupling  constants  Aq^j,  from 
the  nitrogen  bases.  On  the  basis  of  these  results,  we  conclude  that 
the  complex  Co(D?G3)a*  2CH30fI  on  GR-X10S1  has  one  CH3OH  displaced  ancl 
is  essentially  coordinated  to  one  of  the  polymer  bound  N-alkyliraidazoles. 
The  spectrum  of  the  complex  coordinated  to  this  resin  reveals  poorly 
characterized  -yporfine  from  the  axially  coordinated,  nitrogen  donor 
ligands,  ho:  the  observed  values  of  A(/  = 93.8  x 10"  4 era"1  and 

A..  ..  'h  10  x cm”1  compare  favorably  with  those  listed  in  Table  1 

l.O-i. 

for  the  mixed  1-  .ethyl imidazole-methanol  complex.  This  clearly  estab- 
lishes site  S"-;: . ration  in  the  displacement  reaction  of  methanol  from 
ho(i)PGB) ?•  ° {-O'-  in  this  resin.  On  the  other  hand,  the  spectra  of  the 

complex  or.  the  G.’.-XlpS"  and  MR-X20S20  resin  clearly  show  the  hyperfine 

# 

splitting  pattern  expected  for  tv:o  axially  coordinated  nitrogen  bases  on 
n low  spin,  6".  tetragonal  cobalt ( II ) center.  The  A. ^ values  of 

- x ?.CT''  cm"  • and  77.3  x 10“''  erf’-  for  the  gel  and  macroret  t cular 


r'v.  ■:>.  co:u'‘'  ■ 


'•■'I'y  with  tlvor.'1  for  the  symmetrical  2:1  nitrogen 


Ufsc-0o(u;  O/ii);.  comp  reported  in  Table  1.  Thus,  site  separat  ion 
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Is  not  achieved  toward  Co(  D?G-B)  2 in  these  polymers.  ^ 

Pioxym-  n Bind  In?:  In  the  Metal  Substituted  Polymers 

'i'he  an  suets  of  CoCDPGu  2*?2HjOH  exhibit  sorriewh&c  dir i'c rent  behavior 
:.ov;  rds  ox;-7jri  as  compared  to  3 chi  if  base  and  naorocyclic.  cobalt  coa- 
olexes.  1'”  ay  of  these  latter  complexes  bind  one  base  readily  to  form 
5-coor  ;linate  complexes  which  then  bind  02  reversibly.  VJhen  these  com- 
pounds form  2:1  base  adducts  (often  with  a lai'ge  excess  of  base),  this 
second  base  is  displaced  upon  exposure  to  02  to  give  the  base-dioxygen 
adduct.  The  Co(dPGB)2  complex  does  not  behave  this  way.  The  dimethanol 
complex  readily  binds  one  base  (displacing  one  methanol)  to  form  the 
unsymmetr j.cal  2:1  adduct  which  can  then  bind  02  by  displacing  the 
second  methanol.  However,  exposure  of  the  symmetrical  2:1  adduct  of 
N-nethylimidazole  to  02  does  not  yield  the  dioxygen  adduct.  That  is, 
when  B is  II- methyl  imidazole  we  can  write: 


B 0* 

Co(DPG3)a  *2CHjOH  -*•  Co(DPGB)  s *B  • CH30H  -*■  Co (DPGB) 2 -B *0* 

2B  0? 

Co(D-  :j)a‘2CHa0::  Co ' D?  G B 1 2 • B2  + no  reaction 


This  chemistry  can  be  a 
mat! on  rega.niir f our  imidasc 

(>f  the  solc-ier.  behavior,  v:e 
cal  base-methane ’ 2:1  cor.pl e 
o x y c.  e n v/h  1 1 e the  s ynrae  t r i a 2 2 
will  not.  The  HSR  spectrum 
t.  rated  in  Pi  mure  5 • The  sit: 
d*  ITerent  from,  the  spectra  o 
> ! let.*  d'v  • wit.  the  eight 


m.i  to  provide  some  additional  infor- 
le  substituted  resins.  On  the  basis 
might  expect  that  only  the  unsymmetri- 
xes  on  the  resir  will  interact  with 
2:1  complexes  of  N-methylimidasole 
for  Co ( DFGB) 2 *N-CH3Tmid  *02  is  illus- 
r.al  ^hnpe  is  intense  and  dramatically 
f the  base  adducts.  Two  g values  are 
cobalt  nuclear  hyoorfl  no . 


I Jl 


Exposure  of  GR-X12  ; to  oxygon  results  In  virtually  ccvtnlet-o  • 

disappearance  of  the  ovigirn.1  signal  and  the  appearance  of  the  0;. 
o • 1 duct  signal.  Thin  in  he oping  v:Lth  our  conclusion  that  the 
•'.* o (;)!*(» ti)  i!>  bound  to  “•  e resin  through  only  one  inidur.ole,  A d i f - 
fe  -ent  r VLur  t Von  result c fo>*  Gl-Xlyf^  and  IiR-XJ?OJ»20.  In  both  c:  ?es, 

.'c  concluded  earlier  tV  ; root  of  the  cobalt  is  bound  to  two  inicnxol.es . 
However,  some  small  percentage  of  cobalt  centers  bound  to  only  one 
imidazole  could  exist.  This  is  very  clearly  borne  out 

by  the  epr  spectra  of  these  resins  after  exposure  to  oxygen.  The  02 
adduct  gives  rise  to  a very  intense  signal  so  a direct  comparison  of 
the  02  signal  intensity  to  that  of  the  residual  base  adduct  is  not 


possible.  However,  intense  signals  that  can  be  attributed  to  deoxy 
cobalt (II)  centers  are  found  in  both  GR-X15S6  and  MR-X20S20,  but  not  in 
GR-X10S1  . Clearly,  very  incomplete  conversion  of  the  former  two  poly- 
mers to  the  02  adduct  recurs  in  keeping  with  the  conclusion  that  most 
of  the  cobalt  centers  have  two  imidazole  donors  bound  to  them  in  the 
polymer.  A larger  percentage  of  02  adduct  formation  occurs  with  the 
macroretlcul ar  resin  than  v:ith  the  gel.  resin.  This  would  suggest  that 
there  are  mere  ;nsy:r.mt’-rleal  2:1  adducts  and  more  site  separation  in 
HR-X20S20  than  in  GR-XI;2f.  The  following  conclusions  are  definitive . 

Site  separation,  as  evidenced  by  formation  of  the  unsymmetrical  2:1 
huso  adduct , is  achieved  in  a gel  resin  prepared  in  this  study  at  a lev. 
of  1%  substitution.  Neither  GR-X1536  nor  MR-X20S20  allow  large  amounts  o 
site  separation  even  though  they  are  highly  crosslinked.  In  both  of 
these  resins,  the  syr.rvrrical  2:1  base  adduct  is  the  predominant 
species  Implying  exter.-ivo  site  interactions.  Formation  of  some 
();  adduct  In  both  rust  do-  s Indicate  that  there  are  some 
i.  ! :x m t ed  s * s . 


The  bis  methanol  aduuct  used  in  this  work  can  be  used  to 
probe  site  separation  in  a functionalized  polymer*  containing 
donor  groups  that  give  rise  to  superhyperfine  splitting.  Function- 
al i.ed  polymers  containing  other  types  of  donors  can  be  studied 
)..ing  the  bis-ncetorite  adduct  of  Co'D:'GB)2.  This  material  can 
ui.  prepares  oy  recryota.l  lization  of  the  bis— methanol  adduct  from 
acetonitrile.  The  complex  Co (DMGB) * • 2CH3CK  exhibits  well  resolved 
nitrogen  superhyperfine  coupling  and  the  changes  in  the  spectra 
upon  coordination  to  a functionalized  polymer  can  also  be  used  to 
probe  site  separation. 

Co-aarison  of  Solution  and  Polymer  Bound  Reactivities. 

The  comparison  of  the  reactivity  of  a substrate  in  solution 

and  on  a polymer  is  a very  important  consideration  for  the  area 

(2-5) 

of  supported  reagents.  Such  comparisons'  have  revealed  some 


interesting  contrasts  and  similarities.  With  regards  to  the 
binding  of  dioxygen,  two  reports  ^9 ,10)  of  enhanced  affinity  for 
coordination  of  0*  by  polymer  bound  substrates  have  appeared  but  causes 

for*  the  prone s---- -d  enhanced  affinities  have  not  been  established. 


F.nhar.cemer.t 


be  due  to  entrupic  factors,  £ difference  in  metal 


oxygen  bone  sore:. nth  in  the  two  media,  solvation  differences  for 
the  adduct  in  the  different  media  or  a combination  of  these  effects. 
Unfortunate!",  ‘:he  err  spectra  of  tne  polymer  bound  0Z  adducts 
s',  udied  in  r ,:s  v;orV:  are  broadened  to  such  an  extent  that  it  is 
difficult  to  infer  whether  or  not  the  electronic  structure  of 
bound  Gz  differs  slightly  for  tfie  tv;o  conditions.  Closer  con- 
sideration of  the  evidence  for  enhanced  binding  of  0»  by  the  metal 
.pi  ex  on  ; h'  polymer  reveals  that  tills  reported  conclusion  has 


in  a c 


oi-p  i ■>*.  * i y rigorous  Quo!'  — 


so...;  have  iit'cn 


bars  i on  t he  ro  1 a 1 1 v o magni  tudes  of 


U i«?  P,  0?  values  at  a given  temperature.  For  solution  and  polymer 


1G 


supported  conditions,  this  quantity  could  be  dominated  by 
factors  other  than  the  .".at a 1-dioxygen  adduct  stability.  The 
?,  0,  values  in  solution  relate  to  the  equilibrium  constant 

C. 

for  the  process 

£•  Col(  s : lr.  + Op(g)  B-CoL'Op(soln)  (I) 

However,  this  is  a net  equilibrium  constant  for  the  two  indepen- 
dent processes: 

02(g)  -*•  Op^soln  or  polymer)  (2) 

O'T  p»lyvv\<v 

B-CoLCsoln^)  + Op(soln  or  polymer)  B*CoL*0p(soln  or  polymer)  (3) 

Thus,  as  long  as  the  medium  is  held  constant,  0^  values  can  be 

compared  to  provide  information  on  metal-dioxygen  interactions. 

Hov/ever,  the  comparison  of  P,  0o  values  for  systems  studied  In- 
'S z 

different  media  will  contain  contributions  from  the  equilibrium 
constant  for  equation  '2)  above.  Labelling  the  equilibrium  constants 
for  equations  (1  , (2)  and  (3)  above  as  Kx,  K2,  and  K3  respectively, 
v;e  note  that  K:  = and  that  Ka  is  Independent  of  the  complex. 

Unless  infornati  ..  is  available  regarding  the  thermodynamic  data 
for  equation  (2),  an  interpretation  of  P^  Op  data  (on  systems 
.investigated  in  different  media)  to  yield  information  regarding 
the  r.atal-di;  x;;re:-  ir.t  enaction  is  not  possible.  Even  with 
polymer  variation,  the  polymer  bound  data  must  be  corrected  for 
‘.ha  distribut'd : : constant  involving 

Op  (g)  •>  Op  (polymer) 

:•  • f-en  ‘ ‘ - ' • ) j rtf'  or  mot  a 1-0.,  solvation  by  the  modi  un- 

cur.  bn  J-jdu 
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FIGURE  CA5’T10::3 

Figure  1.  ESR  spectra  of  Co(DPGD) »2MeOH  in  frozen  toluene/CIbCl* 
glass  at.  liquid  temperature. 

Figure  2.  ESR  spectrum  of  Co([)PGH)e»Pt':eOH  attached  to  the  imidazole 
polymer  GR-X10S1  at  liquid  Ka  temperature. 

Figure  3.  ESR  spectrum  of  Co(I)POB)a»?i:eOH  attached  to  the  imidazole 
polymer  GR-X15S6  at  liquid  M?  temperature. 


Figure  Ji . ESR  s 


‘.rum  of  Co (DPGB)  2 • PMeOH  attached  to  the  imidazole 
L:'-X?OS?0  at  liquid  temperature. 


Figure  q. 


ESR  s • e; tra  of  Co(DPCh) 2 •!J-CRS  imidazole^MeOH  exposed 
to  v.  oxygen  atmosphere  at  liquid  N2  temperature  in  a 
i - 1 ■ . CK# Cl 2 glass. 


US 
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